Background: In patients with ischemic stroke of non-cardioembolic origin, acetylsalicylic acid, clopidogrel, or a combination of acetylsalicylic acid and dipyridamole are recommended for the prevention of a recurrent stroke. The purpose of this study was to examine the risk of bleeding or recurrent stroke associated with these three treatments.
Background
After ischemic stroke or transient ischemia attack, patients are at high risk for a subsequent stroke. In the Unites States, 25 % of the 795,000 annual ischemic strokes are recurrent events [1] and 70-84 % of ischemic stroke are non-cardioembolic [2, 3] . International guidelines recommend antiplatelets for secondary prevention in patients with strokes of non-cardioembolic origin [1, 4] . The recommended treatment regimens include acetylsalicylic acid, a combination of acetylsalicylic acid and dipyridamole, or clopidogrel.
Large-scale clinical randomized studies have evaluated the efficacy and safety of the recommended treatments. The combination of acetylsalicylic acid and dipyridamole was reported to be more effective than acetylsalicylic acid alone in preventing subsequent stroke, and may be associated with a decreased risk of bleeding [5, 6] . In patients with ischemic stroke, no significant difference was found between clopidogrel and acetylsalicylic acid for the prevention of ischemic stroke/myocardial infarction (MI)/cardiovascular (CV) death [7] . Treatment with clopidogrel was as effective in preventing ischemic stroke as the combination of acetylsalicylic acid and dipyridamole, and was associated with a lower risk of bleeding [8] . Since the combination of acetylsalicylic acid and dipyridamole was associated with a lower risk of recurrent stroke than acetylsalicylic acid alone and clopidogrel was not significantly different from acetylsalicylic acid, it was surprising that there was no significant difference between clopidogrel and the combination of acetylsalicylic acid and dipyridamole. This paradox may be due to differences between study designs, such as inclusion criteria and drug dosage [9] .
Epidemiological research in a real-world cohort can provide additional evidence of the efficacy and safety of antiplatelet regimens, and thereby help to guide future guidelines on therapy. Therefore, using data from Danish nationwide registries, we investigated the risk of recurrent stroke and bleeding in patients with ischemic stroke from January 1 st 2007 to December 31 st 2010. We compared patients treated with acetylsalicylic acid, the combination of acetylsalicylic acid and dipyridamole, and clopidogrel.
Methods

Registries
Data were accessed and linked through encrypted identification numbers using registries in Statistics Denmark. All Danish citizens carry a unique civil registration number and the registries cover the entire Danish population. Diagnoses were found in the National Patient Register, where diagnoses from hospital discharges are registered according to the International Classification of Diseases (ICD) with ICD-8 codes from 1978 and ICD-10 codes from 1995 [10] . Information on medication was found in the Danish Medicinal Register, where filled prescriptions were registered since 1994 according to the Anatomical Therapeutic Chemical (ATC) Classification System [11] . High degree of validity for these data has been reported previously [12] . The cause and date of death was retrieved from the Danish Register of Causes of Death [13] . 
Study population and antiplatelet therapy
Comorbidities and concomitant medication
Diabetes mellitus, heart failure, and renal disease were defined as previously [14, 15] 
Outcomes
The following outcomes of interest were investigated: diagnoses of fatal or nonfatal ischemic stroke and fatal or nonfatal bleeding.
Study design
All patients with first-time ischemic stroke between January 1 st 2007 and December 31 st 2010 were identified. Data on outcomes until December 31 st 2011 were available. Patients were included if they survived the first 30 days after stroke. Follow-up commenced 30 days after discharge to allow time to redeem prescriptions, and ended when patients experienced an outcome of interest, died, emigrated, or one year after discharge, whichever came first.
Statistical analysis
P-values for baseline characteristics were calculated with Chi-square test for categorical variables and Wilcoxon for continuous variables. HR of ischemic stroke and bleeding were calculated based on cause-specific Cox regression analyses. These analyses were adjusted for sex, age, year, prior myocardial infarction, hypertension, diabetes, peripheral artery disease, heart failure, chronic obstructive lung disease and cancer. The proportional hazard assumption was evaluated by score process tests [17] .
The absolute risks of stroke (bleeding) within 1 year were calculated by combining the cause-specific Cox regression analysis for stroke (bleeding) with a second cause-specific Cox regression analysis for the competing risks. The latter was adjusted for the confounders listed above and also included the factual treatment. We predicted a personalized absolute 1-year risk of stroke (bleeding) for each patient in counter factual data were the treatment variable was set to acetylsalicylic acid (clopidogrel, acetylsalicylic acid/dipyridamole) for all patients but keeping the factual values of all confounders. 
Time trends in antiplatelet regimens after ischemic stroke
The proportion of patients with ischemic stroke assigned to the different antiplatelet regimens during the study period is shown in Fig. 2. From 2007 to 2010 , the fraction of patients that received acetylsalicylic acid and the combination of acetylsalicylic acid and dipyridamole decreased from 19 to 12 % and from 71 to 46 %, respectively; whereas, the proportion of patients that received clopidogrel increased from 10 to 41 %.
Adherence to treatment
The adherence to the antiplatelet regimen at baseline is shown in Table 2 Table 3 . These results take into account the competing risk of death for reasons other than ischemic stroke and bleeding, and are associated with settings where all patients would be treated with acetylsalicylic acid (clopidogrel, acetylsalicylic acid/dipyridamole). At 3, 6, and 12 months, the risks of ischemic stroke and bleeding were similar for clopidogrel and combination of acetylsalicylic acid and dipyridamole. The acetylsalicylic acid group had generally high risks of bleeding and ischemic stroke.
Discussion
This historical register-based nationwide cohort study comprised more than 19,000 cases of first-time ischemic stroke without atrial fibrillation and treated with antiplatelet regimens. The risks of ischemic stroke and bleeding were similar for the combination of acetylsalicylic acid and dipyridamole and for clopidogrel; whereas, acetylsalicylic acid alone was associated with higher risks of both ischemic stroke and bleeding.
Acetylsalicylic acid versus the combination of acetylsalicylic acid and dipyridamole
The European Stroke Prevention Study 2 (ESPS 2, n = 3299 with ischemic stroke or TIA within 3 months) found that the combination of acetylsalicylic acid and dipyridamole was more efficient than acetylsalicylic acid alone in preventing strokes. On the other hand, the European/Australasian Stroke Prevention in Reversible Ischemia Trial (ESPRIT) (n = 2739 patients with stroke or TIA within 6 months) did not show significant reduction in the risk of ischemic stroke or all-cause death, but did find significantly decreased risk for the combined endpoint of ischemic stroke/MI/CV death with the combination therapy [5] . Of 1376 patients treated with the combination of acetylsalicylic acid and dipyridamole, 470 patients discontinued treatment, compared with 184 in the acetylsalicylic acid group. Bleeding was not an endpoint in ESPS 2, but similar proportions of bleeding were reported as adverse events in the acetylsalicylic acid and combination of acetylsalicylic acid and dipyridamole groups (135/1649 and 144/ 1650, respectively. ESPRIT reported a decreased risk of major bleeding (defined as intracranial bleeding, any fatal bleeding, or bleedings requiring hospital admission) for the combination of acetylsalicylic acid and dipyridamole in the on treatment group. The investigators explained this finding as a play of chance.
Selection bias
In an observational study, there is a risk of confounding by indication and selection bias since the study population is not randomized at baseline. In our study the risk of other death (other than fatal stroke) was increased in the acetylsalicylic acid group compared with the combination group, which indicates a difference between the two groups. As CV death overall and not just ischemic stroke may be influenced by antiplatelet treatment, we performed a sensitivity analysis of the combined endpoint of stroke/ MI/CV death (data not shown), where "other death" did not include MI or CV death and hence should not be influenced by antiplatelet treatment. However, also here the HR of "other death" remained increased for acetylsalicylic acid even after adjusting for comorbidity. This indicates that treatment with acetylsalicylic acid was associated with factors that led to poorer outcome and that this difference was not explained by the available data on comorbidity. Hence, all results regarding acetylsalicylic acid are likely negatively biased and should be interpreted with great care.
Clopidogrel versus acetylsalicylic acid
The Clopidogrel versus Aspirin in Patients at Risk of Ischemic Events (CAPRIE) study included patients with previous stroke, MI, or peripheral artery disease [7] . A significantly decreased risk of stroke/MI/CV death was reported for clopidogrel versus acetylsalicylic acid in the study population overall, but no decrease in risk was found for the sub-group analysis of patients included after ischemic stroke. In contrast to our findings, the higher risk of overall bleeding was not increased in CAPRIE. This discrepancy may be explained by selection Fig. 3 Results from cause-specific Cox regression analysis: cause-specific hazard ratios for ischemic stroke and bleeding. Other death denotes any death other than cardiovascular death. Abbreviations: ASA = acetylsalicylic acid and DP = dipyridamole. All endpoints are adjusted for sex, age, prior myocardial infarction, hypertension, diabetes, peripheral artery disease, heart failure, chronic obstructive lung disease, and cancer. Bleeding is further adjusted for previous bleeding 
Strengths and limitations
The study was a register-based observational study with built-in limitations that should be acknowledged. Due to the risk of selection bias, the most important limitation is that we do not have any data explaining the choice of antiplatelets, such as intolerance. Another important limitation is that we did not have access to data on stroke or bleeding severity. Minor bleedings remained unidentified in case they did not cause admissions to hospital. Minor bleedings remained unidentified in case they did not cause admissions to hospital. If the unregistered bleedings were equally distributed between treatment groups, the actual relative difference would be smaller, while the absolute difference would not be affected. In addition, we did not have data on the smoking status, body mass index, exercise, dosage of acetylsalicylic acid, or the diagnoses registered by general practitioners, and this may influence the results. The strengths include the size of the study with the advantage that data on hospitalizations and medication for the entire Danish population were available. The registration of the diagnosis of stroke has a high sensitivity and specificity [18] .
Generalizability
This study is representative for the Danish population and results may plausibly apply to similar Western European countries. In other populations with different ages, ethnicities, socioeconomic and lifestyle factors, the stroke etiology may differ, which may affect the impact of antiplatelet therapy.
Implications and further studies
Our results indicate that clopidogrel or the combination of acetylsalicylic acid and dipyridamole are equal alternatives for the prevention of recurrent stroke in patients with ischemic stroke. As noted, due to the risk of selection bias, the results regarding acetylsalicylic acid should be interpreted with care.
Conclusion
In this nationwide study comprising more than 19,000 patients with ischemic stroke, the proportion of patients with first time ischemic stroke that received clopidogrel increased during the study period from 2007-2010. The risk of secondary ischemic stroke as well as the risk of bleeding were similar for treatment with clopidogrel and the combination of acetylsalicylic acid and dipyridamole. Treatment with acetylsalicylic acid alone was associated with worse outcomes, but was not comparable to the other groups due to risk of bias.
